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Aeroballistic Research Repcsi 168

WIND-TUNNEL INVESTIGATION
OF 'HE CVAC SUPERSONIC BOMBER (HUSTLER - Mi-156h4)

Prepared by:
I. Sbantz

ABRSTRACT: HResults are presented in thie report uf an investigeticn to
determine the drag urd stability cpsracteristics of a 1/82.5 scale model
of the ML-1964 supersonic bomi:er. Data wers obteined for the varicus
uwodel components as well as {or the complete con..iguration., Control
surfacs effectivensss dxta in both the pitch and yew planes were alsc

s

opiained,

1. 8. WAYA:. SODNANCE XAZORATORY
WHITE CA¥, MARYIAND
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Tnis investigation was performed at the request, reference {(a), of the
Consolidated Vuliee Aircraft Corporastion, Fort Worth, Texas. The wind-
tunnel datu werz taken 11 June 1952 through 25 June 19%2. The
investigetion was perforued under task number NCI-Rexe-1-53.

This document mey include technical data or other irformation which may be
proprietary to parties other than the governmant and therefor: the trans-
missicn by the Department of the Navwy of this docuwent 1s not to be
regarded Ly lmpliceticn or otherwise, as licensing or conveying any rights
or permission to the recipient or any other person or tcrporetion zaining
access to this document to use for commercial purposes, as distinguished
from governmental purpcses, the seid technical data or information
*8closed herein.

EDWARD L. WOODYARD
Captain, USN
Comamander

H. 3. KURZWEG, Chief
Aerobzllisiic Sesearch (leparimsnt
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WIND-TUNNKL INVESTIGATION
OF TH: CVAC SUPERSONIC BOMBER (HUSTLER - MX-19Gh)

INTRODUCTION

i. The M{-196% is & superscanic homber being developed by the
Consalidnied Vultes . ‘verart Corporation for the United States Air Force,
This sircostt (depignnted as the "Husiler") is & bomber reconaissance
typs anf contains en sxpendatle fuselage pod which amy be used sither as
& boumy nr = galded misnile,

2. Tae wind-tunnel teste covered in this report are & continuztion
of previous tesns cocaducted at NOL, rsfersnce (b). The model used in ihis
latest investigation diffored somewhat from the medel tested in
reforence (o) in that provision was made for the mounting of' canerd
control surfaces on the pod.

y Symbols

Ang 65 mad Tiocw Darametars:

G, = angle of attack (degrees)
i/, = angle of vew {degrees)
2 = sugle of roll (degrees)

1w Hach number

—~
ol
[ 1]
P
L—

Q = dynemic pressurc

Mod:: Reference Dimensions:

b

g
b

ving epan (€.881 inches)
¢ = asan aerodymamic ctord (4.91S inches)
S = uing area .25.384 inches)

¢.g. = center of gravity for full scale airplane (see paragrarh 18,
Figure 17)

Forces snd Momertts:

F = avial force (pounds)

D = dyag force (nounds)

-
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L = 1lift fcrce (pounds)
Mq = rolling moment - ccrrected to stability axes (inch-pounds)
My= yawing moment - correctsd to stability axes (inch-pounds)
Mo conp= Pitching moment referred to center of gravity for composite
configuration (inch-pounds)
Ky pog = Pitching moment referred to center of gravity for pod
configuration (inch-pounds)
N = normal force - normal tc body azes - pounde
Y = lateral force - normal to body axes (pounds)
Aercdiynsmic Coetficients:
Cac = axial force coefficient = F/q+S (bvesed pressure removed)
Cp = drag force coefficient = N/q:S  (based pressure vremoved)
Cp = lift force coefficient = L/a-S
Cy = normel force ccefficient = N/q-8
C¢c = rolling moment coefficient - corrected to stability
axes = Mg/q'S-b
Cyo = yaving moment coefficient ~ corrected to stability
axes = M /q:S<b
Co comp.= Pitching moment coefficient about composite center of
gravity = Mg comp/q+5-¢
Co poa ~ pitching momsnt coefficiont about pod center of gravity =
Mg poa/a-8-¢
Cy = lateral force coefficient - normei to body axes = Y/q+8
Mcdel Nomsnclature
Civ Canard No. 1 in position "o"
Cca Canard Re 2 in positior "a'
Con Ceneyd No. 2 in position "b"

Cauard No. Z 1in position “c¢"
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Canard Wo. 3 in position "bH"

R T 20 TR RN WP YTV

Canard No. 4 in »ogition "b"
True fuselayge

Modif ied fuselage

Pnd wing No. 1 in position "a"
Pod wing No. 1 in pssition '"b"
Pod wing No. 1

position “c"

PG ving No. 2 position "R"

B & B &

Pod wing Ne. position "b"

Pod uing No. 5 positiun "c"

Falred true nacsllcs integral with wing Xo. 2

True poé numbor 3

M;difiad ped number 3

True »od number 4

Splitter for poé number &

True pod tail No. 2 - small single vertical fin
Modified pod t&il nwater 2

True pod tail numver 3 - large single v:irtical fin

Hodified pod teil number 3

True vertical tail number 1

Modified vertical tail number 1

Tvue vertical tail numver 6

True vertizcsl tai®, number 7 - large ventral area
True vertical tail nucher 8 - smell ventral arca

True vertical tail number 9 - dorsal area integral with
teil of seme planform as vertical +all number 1

Wing number 1 ~ siick wing

3
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Wo Wing nucber 2 - deflected surface wing
LK} Wing number 3 - wing modified for nacelle mounting
X Pod noss extension

Control Deflections:

Inboard control sutrfaces are located on trailing edge of wing
between sugine nacellas snd fuselage.

Ouitbhoerd control surfaces are located on trailing edge of wing
between engine nacelles =nd wing tips. The letters () and (R)
denote left and right looking from base to ncse of model,

-

The symbole (ic) and ( R) dencts canard incidence and rudder
deflection, in degrees, respectively. Gez Table I.

Description of Mcodels and Belance
5. The MX-1964 model is composed of three basic configurations:

a. An external "pod" which contains its own comtrol surfecss,
Figure 1.

b. A "return" compcuant which is a controllable ajircraft in
iteelf, Figure 2.

c. A "composite unit" comtining boith the pod and return components,
the pod is5 attached to the undarside of the "return” component, Figure 3.

L. In crder to use an internal strain gags balance for this model, the
aftervody of eithexr the pcd or tue fuselage was altered to house the balance
and sting. Modified configurativns for sach of these components was provided.
Tn the case where the mcdified fuselage was used (belance mounted in fuselage)
the trus pod configuratic:a was used, When the modified pod wes used (balance
mounted in pod) the true fuselage coafiguration was used. The modified
component, for any perticular configzuvraticn was danoted by the subscript “m".
A model for still another type of support system was provided in which twin
stings could be mounted in the modified afterbodies of the sagine nacelles,
reference (b). The wing mounting tliese modifiecd nacelles was denoted as W3.
A configuravion omploying this wing was tested; however, a single sting
support was usad with the balance mounted in the fuselage.

Pcds

5. Two besgic pod shapes were testiad, pod number 3(P3) and pod
number #(P4). True pod number 3, as tested in reference ,v) was alterad
8lightly to allow attachment of extended pod nose pieces and to provide
for placement of the swept caenard in the aft position (see Figure k),

L
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A modified pod number 3(PaM) was provided for testing of the pod wings

on tha pod aione configurations. The pod forebndy ig that of irue pod
nuzber 4. True pcd numbsr & was a body-of-revolution pod having
approximately the same cross-sectional area distribution as true ned
pumbayr 3. Splitters (S), both fcre and aft, were providsd for pod pumber
L to force "spiliing" of the flow about the fuselage (zse Fizures 5 and 6).

Pod Canards

€. Four basic ceanard shopes were teeted, C3, Cp, Cy, and Cj.
Canard numbers 1, ¢, and 3 were of swept wing pleznforn sut differed in
wing area: capard number U was delta wing in plsarorm and of the sane
ving aree as C;. Canards 1, 3, anc b were tested only in pesition b on
ithe pod; canard number 2 vas tested in vositions a, b, =2nd c. Provision
vas also made to test the canarés at angles of incidencs of O, 3, 6, and
9 degrees. Further canard deteils can be found on Figures 7 through 0.

Pod Wings

7. Four basic pod wings were iested, Iy, Ip, Iy, and . Pod
wings numpbered 1, 2, aud 3 were each of 55 dsgres lziding edfs swoep-beck
and delte in planform, but differed in wling arse,. Pod wing aumber 5
contained the same wing ares as wing pumber 1, lui was tapered in planform.
Further pcd wing details can be found on Figures 11 through 13.

5
v

Pyd Vertical Taiis

8. Two basic pod verticel fins were tested, Tp and T3. A modified
version of each tail (Tpy and Tiy) was provided to be used withk pod mouat
configurations. The vertical pud tail (T2) has the same planform as the
lovwer fin of the triadic tail tested in :eferenco (b}. The vertical pod
tail (T3) has the same plsnform but contains fifty percent more eres than
To. The treiling edge of izils T, and T3 are coincident with the pod
tail tesi=d in rererence (b). Further model datails can be found on
Figures 1l ané 15.

Pod None Extensions

9. A pod nose extension (X} wes vrovided to permit testing of a
swept canard in the most forward pcsiticn., The nose of the extension
wvae conical in shape and faired into true ped number 3. Three =dditionesl
extensions were provided to permit testing of the same canarsd in two
other locations azd \ smooth run configuration {see Figure 15).

p)
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Fuselage

10. ™o models of the basic fuselage confiiguration were tested; one,
true contc v (F) was tested with pod mount configurations, the seccnd,
a modified version (Fy) to be used with fuselage mount configuretions.
The modele (¥ and {¥y) varied only in the shape of the aftorbodies. The

forebcdisa were identical (see Figures 17 and 18).

Wings

11, Threr nodels of the basic wing were tested, Wy, Wp, and Wa.
Tke plantorm and wing arsa were the same for esach wing. Wing puxber 1
(W) was a "slick" wing with no provision mnde for the mounting of
deflectcd control surfaces. Wing number 2 (W2) was identical with (wl)
and ccntained gwoans ftor mounting deflecied control surfaces. Wing
nurte: 3(W3) wes jdentical to (W1) in planform and wing area, however,
the ai'terbedies of the nacelles were modified to accomodate the twin
sting telance. ¥urther mocdel details can be found cn Figures 19 through 21.

Fuselage Vertical Tails

12. Threa2 fuselage vertical tails were tested, V), Vg, and V9.
Vertical tail number 1(V]) was triangular in shape and was considered
the tasic tail configuraiion. A modified tail number 1{Viy) was elso
providied to bs ussd with fuselage mount configurations. Vertical tail
nuzber {V4) was a swept-wing versicn of (V;) with the same span. Vertical
tail zumwber 9(Vg) was the basic tail (V1) with e dorsal added to it.
Further model duotalls can Wz found on Figures 22 and 23,

Nacelle Mounted Vertical Tails

12. Two nacelle vgriicel tails in the form of ventral arcas
underneath the nacelles wesre provided, V- and Vp. Both tatls were of the
same span but V7 had ths larger exposed area. Furiher model details can
be found on Figure 2.

1%. Dimensional daia for various model coamcnents can be found
in Table III.

15. Au interncl strain gage balance was used to obtain all force
and mcment cdate. The balance wac desigred and built at the Naval Ordnsnces
Laboratory. This balance measures six cmporents from waizh normal force,
lateral force, axial force, pitching wusnt, yawing moment, and roliing
momaent oata are obtained,

4
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DISCUSTION

16. The data taksn in this iavestigation are presented in the form
of tabuleted listings of the aerocdynamic coefficients., The tebulated
sh2o%ts are placeéd ip numerical order with respect to the run number.
Fach sheet contains the date obrtained during one run, The deta were
obtained about the balarce axis. In order to transfer the data to the
stability axis as shown in Figuie 25, the following equations ware used:

L =

D «

=
L]

& &

Necos & - ¥ sin C
Feccs @ + X sin

v
>

Mg °cos & + Myy°sin G

L V3

= Mgy
My = Mph,ccos G - Man-8in
where:
D = drag force - lbs. (stability axis)
¢ ‘
F = axial force - lbs. (balance axis)
L = 1ift force - lbs. {stability axis)
N = normal force - lbs. (balance axis)
Y = lateral force - lbs. {balance and stability axis)
M¢ = rolling moment - in. lb. {(stability axis)
H¢b = rolling moment - in. 1b. (body axis)
My = yawing moment - in. 1b. (stability axis)
{4, = yaving moment - in. 1b. (body axis)
My = pitching moment - in. 1b. (stability axis)
Mgy = pitching moment - in. 1b, (body axis)
17. Sting deflection under load wez taken intc account bty adding
an increment to the indicated angle of attack (@) and/or angle of yew ()
80 thsat
Gc = a indicated +AC
P 3
& Y = Y indicated +A Y
7
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The increment Lu and/orAy/was determined from 2 ztatvic calibration
wiilch simulatsd the aerodynamic loads applisd to the balance.

i5. The pitching moment coeflficlent ror . nuuber of pod-alcne and
pod mount configurations was reduced sbout both the pod c¢.g. and the
composite c.g. Both coefficionts are presented in the tabulatsd listing
wpere applicable. 'ihe composite c.g. is located 5.735 inches &ft from
the fusslage nose along the chord plans of the wing. The pod ¢.g. is
locatzd 5.944 inches &ft from the fuselage nose and 0,155 inches below the
chord plane.

19. The axial force and pitching moment data were corrscted for
bagse pressurs effectsa. The corrections included the bass prossure acting
on the base ersas of ibe macelles, the pressure acting on the annular
exposed area where the lalance enters the fuselege, tne pressure acting
on the pod base when fuselnge mount contfiguretions wesre used, and the
pressure inside the belance drag chamber. The effacts of these base
pressures ware removed {rom the data.

2C. Table 1 presents the model configurations tested together with
all pertinent model information; such a8, angle of atiack, angle of yaw,
angle of roll, configuration, surfaces deflected, and run number. The
sympbols used in the configuration are defined irn the Modal H¢ enclature,
& more dziailed descripticn can be found in the Description of Models.
A pumber of ithe uonfigurations were tested at two slightly differsat
locations in the %est rhomuus; hence, these configurations have two
different run numiers,

21, Teble II 1lis%s the test rhowbus conditions such as dynamic
pressure and Reynolds number (based on MAC of the wing) for each Mach
numhar tested.

22. A cover page preqedes the tabulated listing ¢f the final
aerodynamic coefficients on which arc defined the symbo's used and the
position of the decimal point.
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TABLE IT

Test Rhombus Conditions

‘Mach Number Average Dynamic Reynolds Numbe:
Pressure (psi) Based on M:C of Wing
1.56 6.05 1.86 z 100
2.16 k.69 1.48 5 106
18
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Span - inches

Aree - 8q. inche=
Aspect Ratio

Taper Ratio

Alrfoll sectior
Sweep-back leading edge
Dihedral

Incidence

M.A.C. - inches

SECRET
NAVORD Report 2793

TABLE III

Dimsnsional Data

True and Modified Fuselage:

Oversll lenzth - inches

Distance from nose ci fuselage to leading

adge of wing root chord
Maximum width - inches

True and Modified Nacells:

Oversll length - imches

Distance from airplane center lins to
nacelle center line - inches

Maximum width of nacelle - inches
Angls between chord plane and center line thrust

True and Modified Pod No. 3:°

Overall length - inches
Distance from nose

11.230
to

Yszding edgn wing root chord - inches 2,548
Maximum width tc plane of

gymmetiry - inches

True Pod No. k:

Overell leagth - inches

.36k

Distaace from ncse of pod 4o leading

adge of wing rnot chord

- inches

Maximur width to plane of symmetry - inches

£9
SECRET

SECURITY INFORMATION

6.881
25,384

1.865

0
NACA 65A00L
659

OO

OO

%.919

9.696

1.554
0.72h

5.610

1.982
0.628

20
With Extended Nose
12.kk2

3.760

10.909
2,548

QOF,
I/
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TABLE IIXI (Continued)

Trueg Pod Wings:

No. 1 No. 2 No. 3 No. 5
Span -~ inches 3,160 3.700 3.E%0 3.112
Ar - 8g. inches 3.569 k,903 3.312 3.045
Asiact Ratio 2.79 2.79 4,00 3.18
Taper Ratio 0 G 0 0.455
Alrioll section 3% modified double wedge 3% modified ri=t
rlate
Swesp-back lsading edge 550 550 450 10.80°
Dinedrel ) 0° oY Qo oo
Incidenre 0o 0° 0° 0°
Length MAC - inches 1.506 1.767 1.213 1.02h
Pod Canards:
“‘ No, 1 ¥o, 2 No. 3 Vo, b
Spen - inches 1.91% 1.656 1.’§5ﬁ 2,230
Area - 8q. inches 1.200 0.900 0.600 1.24%
Aspect Ratio 3.053 3.05 3.05 000
Taper Ratio 0.5 0.5 0.5 0
Sweep-back leading
edge - degraes L&.5 48.5 48.5 b5
Sweep-back tralling
edge - degrees 34.8 34.8 34.8 0°
Dihedral 0° Qo o° 0o
Length MAC - inches 0.651 0.56h 0.h61 0.743
Pod Vertical Tail No, 2: '
True Modified
Area - s8g. inches 1.5%59 .873
Semi-span - inches 1.424 .910
Aspect matic 2.60 1.89
Taper Ratic 0.500 . .610
Airfoil parcllel to root chord RACA 650005
Swesp-bauck leading edge 520 520
Sweer-hack tiailing edge 37.5° 37.5°
Fuselage Vertical Tealls
Ko, . M.4ifie’ No. L Io. 6  No.
Total area - 8g. inches 1.061 0.631 1.801 2.2
Semi-span - inches 1.605 0.977 1.605 1.605
Aspect Ratio 2.8 2.80 2.80 1.1%
Taper Ratio : 0 o] 0.400 0
Airfoil section parrllel
to root chord NACA 652005
Sweep-back leading edge  55° 550 0 550
Swesp-back trailing edge  0° 0° 309 °
@
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FIG. 1 SKETCH OF POD WITH CANARD AND WING
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FIG.2 RETURN COMPONENT
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FIG. 3 SKETCH OF COMPOSITE CONFIGURATION SHOWING POD WING
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POD STATIONS
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FUSELAGE
STATION
0 :
l_ 9.696 >-|
10.9C9

| / AUXILIARY SPLITTER FAIRINGS ot |

56k FIG. 6 BODY-OF-REVOLUTION POD
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Tabulated Listing of Aercdynamic Data

The symbols used as colwm headings have besn previcusly defined
in the list of Symbois. Ths data taken during any one rurn are presented
on one page. The runs are arranged in numerical crder. 1o obtain the
data for & particular configuration, Table I should be consulted. Table I
containg all of the pertinent tiforxmtion necessary to derine each
configuration and liets its particular run number,

The decimal point for ¢, and . is placed between the secord and
third digit reading from left to right. For the remainder of the data,
the deciim]l point will precede the first digit, rsading from left to
right, i.e., ¢ = 07.46~ and C¢ comp = .0287 {blow cne of run cne). In
every case where the guantity is negative. the sign follows the value.
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